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ABSTRACT. 


T. S. Cheung (1973) A On = the simultaneous regeneration .of, claws in the..aged 
male stone orab, Menippe mercenaria (Say), with special reference to the terminal molt. Bull.. 
Inst. Zool., Academia Sinica 12(1): 1-11. The ‘possibility .of harvesting regenerated .claws 
in adult male stone crabs,-Menippe mercenaria (Say) was. studied... This idea. was. found: to 
be impractical, since -the :crab would have. already, reached the terminal: molt (TA). before . 
its claws ‘could have time to regenerate back to their normal size. Removal of claws from 

intermolt crabs, other than at TA was found to promote eedysis. The double operation. 

: of destalking plus declawing in the same crab was found to accelerate molting to a greater 

extent than the operation of ‘declawing alone, but not destalking. alone. At TA, declawing 

was found to induce no ecdysis. At the early stage of TA, however, destalking. plus . 
declawing were found to- induce an ecdysis with the regeneration of claws much smaller 

than the normal size. At late TA, the same operations. produced no effect... Instances of 
degrowth occurred in claw-buds of adult crabs before TA in about 1 of every 21 recordings.: 

At TA, degrowth occurred once: in every 4. Most of the _degrowths occurred during the 

TA stage, which is the non-growth stage of the crab, between R values .of 4 and 6, and 
possibly up to 13; :the slow growth period during. bud regeneration, and also. during winter, 

the slowest growing season.. It is:suggested that degrowth reflects the slow activity of the 

~ Y-organs, which is well-known ‘to produce’ crustecdysone (the, molting hormone); The effect 

of aging on the crab is discussed. 

M . information on older ones is essentially ‘lacking, — 
Viost of the recent works on crustacean while works on-claw regeneration are rare. .:: 
limb regeneration were performed on. relatively The stone :crab, Menippe--mercenaria; .an 
young . animals‘!,?,?,8,9,10,11,12,16,18) comparable ~ economically important marine species in Florida, 
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is valuable only for its claws, well-known as an 
expensive food item in the local markets: Tradi- 
tionally, many American fishermen believe that 
removing the claws without killing the crab is a 


profitable practice, as the same crab will then 


produce claws once more. The present work 
was carried out in order to test the economic 
feasibility of this hypothesis; at the same time it 
also brought to light certain biological aspects in 
the control of regeneration and the effect of 
aging. 

The study was facilitated by the continuous 
supply of sea water in the culture laboratory, 
making it easy to crary out long-term observa- 
tions of older crabs. These animals are of great- 


est economic value, yet their regeneration is slow.. 


MATERIALS AND METHODS 


This work was performed exclusively with 
male crabs large enough to be of any commer- 
cial value, i.e. above 60mm in carapace width 
(CW). From unpublished results this size has 
been found to be much above the average on 
first maturation and is about 3 ecdysis before the 
terminal molt (TA). Further, the total number 
of ecdysis from the first crab stage to TA is 
about 24. Because of these, and the frequent 


occurrence of degrowth (see below), the experi- 


mental crabs are defined as “aged” crabs. They 
were collected with baited traps from Biscayne 
Bay, within approximately one mile of the In- 
stitute of Marine Science, University of Miami. 
They were maintained in wooden tanks with com- 


partments measuring 2 sq. ft. and circulating sea 


water. Each compartment contained one crab in 
order to avoid cannibalism. All the crabs were 
fed daily with an excessive amount of shrimp 
meat, and the compartments were cleaned re- 


gularly. The experiments were planned for the . 


study of the simultaneous regeneration of the 2 
claws, which were unequal in size. 


claw was usually larger. In order to make. the 


results comparable, only intermolt crabs of com- 


parable size were used in each experiment 
(Table 1). Autotomy of the claws was induced 


The right 


_ by poking a needle through the arthrodial mem- 


brane into the muscles between the ischium and 
merus. After some practice, this proved to bea 


Both claws were, removed on the same day. 
Eyestalks were removed after burning them at 
the base with an electric solder and thus severing 


the exoskeleton and nervous tissue. A few days 


“ater, the damaged eyestalks would detach auto- 


matically. This method of destalking was found to 
be better than all other methods tried, since blood 
loss and wound closure were practically avoided 
in a one step operation. Whenever destalking 
and declawing had to be performed in the same 
crab, the crab was declawed first, because de- 
stalked crabs invariably failed to autotomize their 


claws by the above method. The size of each 


crab was determined by its carapace width (CW). 


- Claw size was determined by the longest dimen- 
“tion (PL) of its propodus. . The above measure- . 


ments were recorded in millimeters. The limb 
bud .of each regenerating claw was examined 
daily, and its length was measured once a week, 
with the use of calipers reading to 0.1 mm. The 
measurements were then converted into R values, 


defined as “length of bud 100 after Bliss. 


The advantage of the R value is that it converts 
all limb bud measurements of different crabs into 
a comparable scale. 

Since growth had been found to be inhibited 
by ovarfan development in the adult female stone 
crabs‘*?, males were used in all the experiments. 
Further, at the termination of the experiments all 
crabs were dissected.and examined for any in- 
ternal parasites that could have influenced limb 
bud growth. 


RESULTS AND DISCUSSION 


From 16 regeneration curves of claws (un- 
published), the following sequence was shown. 
(a) After autotomy, there was a resting period of 
2 to 3 weeks. (b) The bud then entered a basal 
growth period that lasted until the R value re- 
ached about 2. (c) Then it entered into a slow 
growth period until the R value reached about 
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13. (d) R values of 13 to 24 marked the premolt 


fast growing period. (e) Molting usually took — 


place around an R value of 24, at which time 
the new claw emerged from the bud. The length 
of’ time for each of these: phases may vary ac- 
cording to season and age of the crabs etc.,” but 
the range of R values for each phase remains 
quite constant and thus. comparable in different 
crabs. 


The effect of removing claws and eyestalks 
(Table 1,-Groups I-VII) 
Experiment (a). Period covered: from April 
22nd.—September 15th, The crabs were divided 
into 3 groups. ` Group I was declawed, Group II 
declawed and destalked, while Group III was 
kept intact for controls.. The majority of the 
crabs in Group I molted before the middle of 
September, and had regenerated their claws, ` 


TABLE l- 
A summary of destalked and declawed nexDEr Mens 


. Average 


Mean. number of 


l Total ae Numbers 
Expts. | Groups numbers 0 Destalked | Declawed a molted days to molt. 
I 14 89.4% 加 14 | 8 105.5 + 8.9 
(a) I 8 89.3 8 8 6 55.0 + 5.6 
I -10 90.0 一 一 2 110.5 +15.5 
NV 4 62.5 一 P "1 .4 122.5 土 15.2 
V 4 62.5 = en ee — 
VI 8 78.1 8 aie 4 40.75+ 3.4 
() Wl 9 74.7 9 9 | 47.0 + 5.7 
Barly TA | W 11 115.1 11 uo | 9 98.2 + 6.9 
Late TA 区 9 116.1 = 9 | ig. = 
Expts. Numbers Eee Numbers Experimental | Remarks « 
， not. mited molting at TA period | thee Si 
6 3 3 4/22,/66-9/15/66 | 2 dead with premolt limb buds 
2 2 0 a :1 molted twice, the 2 dead 
(a) Si ey | had premolt limb buds 
8. 0 1 = | — 
| 0 0 o 11/4/66-4/9/67 = 
p 4 4 | 0 | 10/5/67-12/4/68 — 
(c) 6 6 -0 一 一 
ope ae F nee operated within 3 months -after 
Early TA 2 2 11 | All year round reaching TA 
a | ted 1 year afte: eachi 
Late TA 9 9 a 一 oe y EFEM 


* This average excludes the largest three, which were at the TA size range. 
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Three: crabs;-2 of: which: had already: developed: 
premolt limb buds, died: before: molting... The 
only:3 crabs that did: not melt, were: the largest 
inthe. group: (CW: 112-114.mm)... Further, their 
limb: buds never: grew: beyond a certain’ size: (see: 
terminal: molt::below).. ` . 
| In: Group: II, .6 crabs- molted.. The last 

ecdysis in this :group: occurred about: the: same» 


time:as the first molt- in group I.: Two- crabs: 


died, one in May and one in June respectively, 


III, the control group, only. 2: crabs -out.of 10. 
molted- during the whole -period-of observation. . 


This experiment. showed that. (i)- removal- :of... 


the claws promoted molting, (ii) that removal of 
both claws and eyestalks accelerated and pro- 
moted molting to a greater extent,. but (iii) that 
removal of claws from the largest crabs (CW. 
112-114 mm) failed to effect molting. 

Experiment (b). Period covered: November 
4th-April 9th. In order to verify the first point 
in the above‘ this experiment was performed with 
2 groups of 4 crabs each. Group IV was de- 
clawed while V was used as controls. Within 
the observed period, all Group IV crabs molted,. 
but none .of ‘the controls did. This confirmed 
conclusion: (i), irrespective of the .difference in 
seasons. 

Experiment (c). Period covered: October 
5th—December~ 4th: Since experiment (a). in- 
dicated that. removal of both claws and eyestalks 
accelerated: molting to a greater. extent than re- 
moving only the. claws, it:.was decided to test 
whether removal: of both claws and eyestalks 
would accelerate: molting to a greater extent than 
removing the eyestalks only. Two groups of 
crabs were employed. Group VI was. destalked 
while VII was both destalked and declawed. Be- 
cause of the high mortality in VII, conclusions 
were difficult to draw. However, results from 
the survivors. indicated in VII that there was no 
greater acceleration of molting than VI, or rather 
contrary, Group VH took considerably more days 


than VI to molt.’ It is possible that acceleration 


of. molting due to the loss of 2. claws.is: mediated 


through the eyestalks. The loss’ of the eyestalks - 


fore be removed by destalking. 


permits maximum: acceleration, -So:that: losing the: 
claws in addition could -have. no-further~ effect: 
Also; an explanation for the slowing;,down. of- 
molting in: Group -VII could. possibly. lie in.. the: 
effectof greater injuries. resulted from the double 
operation. - 
The Terminal .molt (TA). 

The TA after which no further ecdysis 
would occur, (nor any physiological signs of- en- 


. tering a new premolt stage) has so far been 
both of which had premolt limb buds. In group ~ 


demonstrated only in a few brachyurans. It 
has not yet been: recorded in any known ma- 
crurans,, which ‘are believed to grow until death. 
It may either occur at first ‘maturation as-species 
in Callinectes“” or several ecdyses after this as 
in the. present species“. In: the former species, 
a full development of secondary sexual characters 
can be. conveniently used for the identification of 
the TA. In the latter species, the identification 
may require dissecting the crab for determining 
the absence of the developing new shell for an 
on-coming ecdysis, or simply rely on its large. 
size. The best method. appears to be the re- 
generating limb bud method,. viz., by observing 
whether the limb bud would grow or not. Hart- 
noll“? ‘noted in the spider crab, Microphryo that, — 
at the TA stage, no limb bud would develop 
after a limb was removed. Carlisle“? showed 
that. at this stage’ (named terminal anecdysis), re- 
moval of the eyestalks, which: contained the X- 
organ sinus gland complex, induced one further 
ecdysis in Carcinus but not in Mija. However, 
if an. extract of the Y-organs is injected, into 
crabs of the latter species, the crabs respond by 
increasing the calcium level of the blood, a phy- 
siological event: that occurs prior to molting. 
Thus, at TA, a large production of molt-inhibit- 
ing hormone (MIH) from the X-organs stopped 
molting in Carcinus. This inhibition would there- 
In Maja, the 
degeneration of the Y-organs which normally 
produced crustecdysone caused cessation of molt- 


“ing at TA. This explained the ineffectiveness 


of destalking and the fact that Y-organ extract 
induced symptoms of premolt. 
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In addition to the above works, only a few 


scattered reports commenting on the TA in cer- 


tain other species are available (e. g. (19), ‘In 
spite of its great interest related to growth and 
aging, little of the biology of TA is known. The 
present study on Menippe has revealed some of 
its characters. 

(a) The approach to TA. A number of male 
stone crabs had been reared in the laboratory 
through at least two ecdyses to TA. Since such 
work in the laboratory has not been done in the 
past, a summarized history of one is described in 
Table 2. This crab had an initial CW and pro- 
podi of the left and right claws measuring re- 


spectively 92.0 mm, 69.2mm ‘and 78.8 mm. Its _ 


claws were removed in Oct. 28th. 1965, after 
which regenerated buds ‘developed. The crab 
molted at March 29th. 1966. The new CW and 


propodi of the left and -right ‘regenerated ， claws ， 


wére respectively measuring 103.0mm, 57.4 mm 


TABLE 2 


A enid history of an adult male crab 
declawed twice, the second time at TA 


zora 


E . CW Left claw: Right Slaw 
‘Event & date Gai) propodus propodus ` 
(mm) (mm) 

Original 92 | 69.2 78:8 
Declawed 

10/28/65 

No degrowth 

in bud 

Molted with 

claws 

regenerated y! . ee 
3/29/66 103 57.4 58.3 

ee 1 do: 
Molted to TA | | | rile 
8/18/66 118 84.1 89.3 
Declawed | 
11/1/66 | 
Degrowth bud forming | bud forming 
occurred 

frequently 

in buds | 
Destalked | 
8/23/67 | 
Dead 10/22/67 bud degrown | bud degrown 
Pe ta le a ee ee O eR 


when it had reached the intermolt stage. 
regeneration buds were then observed to develop 
‘and their sizes appeared to fluctuate. 
‘stage, the crab had never molted again, in spite 


‘died in ‘October > 2d: 1967. 


‘group (CW 1121 


‘on TA “(Table 3). 


and 58.3mm. A second ecdysis took place in 
August 18th. 1966, with the above three dimen- 
sions increased to 118mm, 84.1 mm- and 89.3 mm 
respéctively. As the size of the CW had reached 


the suggested range of TA (below), the crab was 


again declawed on November Ist. 1966 for ob- 
servation when its shell was fully hardened, ie. 
Small 


.At this 


of the fact that it was destalked in August 23rd. 
1967, as an attempt to induce a further ecdysis 


by the removal of its MIH, which is well-known 


to be present in the eyestalks。 The crab finally 


(b) The effect ` ‘of declawing ot TA. From 


Group I in Table 1 the only 3 crabs that did not 


14 mm). This suggested that 
their size’ weré ‘within the Tange of TA (see also 


‘the foll6wing parapraph). Eleven male crabs, all 
‘above 112 mm in CW; weré ‘then declawed and 


observed for at least 18 months in the laboratory. 
None of them molted. These results agree with 
those in Group, I that declawing had no effect 
on molifig at TA. 

(c) The effect of destalking and ee 
‘Observations were made on 
20 crabs of non-TA adult sizes that subsequently 
é into the suggested TA size range. Of 


ieia 


‘thésé Gfabs, | 1 Were declawed and destalked not 


later . than 3 months after molting into TA, 


Everitually 9 of théin again molied. The remain- 
‘ing 5 
‘after Teaching TA. None of them was found to 
‘go through andther ‘ecdysis until death. The last 
‘one died 6 moiiths ‘after - the operations. Further, 
‘their régenetated buds fluctuated in size (as those 


crabs were similarly operatéd about 1 year 


given in Table 6) ahd had fever reachéd the pre- 
molt: size (R-value above 13, p. 3 above). 


| (d) Degrowih or claw buds. Since there was 
a possibility of misidentifying degrowth when 
‘act ly ‘accidental damage followed by . Te- 
growth had happened between the period of 2 
consecutive weekly measurements, the claw buds - 
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TABLE 3 


The effect of destalking and declawing on early and late TA crabs 


No. ener E (ave eal eager | Molted at Died at 
| X2 100 | 10/25/65 | 115 | 12/26/65 | 12/27/65, 3/ 7/66 (71 days) 
| X3 96 © 11/2/65} 113 | 1/3/66|  1/ 4/66; 5/15/66 (132 days) | 
x5 95 | 11/8/65| 114 | 1/3/66| 1/ 4/66 | 4/20/66 (107 days) 
x6 95 | 11/15/65} 112 | 1/19/66 | 1/20/66) 5/ 1/66 (102 days) 
x9 102 | 11/29/65 | © 118 | 1/19/66 | 1/20/66 | 5/19/66 (120 days) 
& | xu | 101 | 3/73/66] 15 | 5/14/66 | 5/15/66) 2/10/67 
X12 95 | 4/2/66) 113 | 5/31/66| 6/1/66 | 9/10/66 (103 days) 
X14 97 | 10/1/66| 113 | 12/19/66 | 12/20/66 | 3/ 4/67 (75. days) 
ixis | 103 | 5/14/67} 118 | 7/19/67| 7/20/67 | Ti 4/ 8/68 
| X19 98 | 10/19/67} 116 | 12/19/67 | 12/20/67 | 3/ 8/67 (79 days) 
x20 | 104 | 10/25⁄67| 119 | 1/6/67| 1/7/67, 4/11/67 (95 days) 
Xl 99 9/18/65 | 115 9/30/66 | 10/ 1/66 4/ 2/67 | 
X4 102 | 11/7/65| 118 | 12/ 3/66 | 12/ 4/66 3/ 7/67 
x7 105 | 11/21/65| 120 | 11/1/66 | 11/ 2/66 7/ 1/67 
X8 97 | 11/25/65| 114 | 10/17/66 | 10/18/66 5/ 4/67 
Gp: | x10 95 | 12/4/65) 112 | 11/13/66 | 11/14/66 5/ 8/67 
X13 9 | 4/466| 119 | 3/26/67| 3/27/67 12/ 4/67 
[xis | 100 | 10/24/66| 115 | 11/ 6/67 | 11/ 7/67 5/30/68 
X16 97 | 11/16/66 | 116 | 11/15/67 | 11/16/67 6/16/68 
x17 | 101 | 11/20/66| 115 | 11/23/67 | 11/24/67 9/12/68 


Group VIII consisted of crabs operated within 3 months after reaching TA. 
Group IX consisted of crabs operated within 1 year after reaching TA. 


were examined for damage once daily. Degrowth 
has been recorded in other animals“4? but ob- 
servations of this in crustacean limb buds are 
probably original. I have noted that a limb bud 
which has undergone degrowth to be morpholog- 
ically indistinguishable from one which has grown 
to the same size. Also, a limb bud which has 
degrown may grow or degrow subsequently. For 
these reasons, the changes are not similar to pure 
regression. Table 4 is a record of weekly me- 
asurements of claw buds in one crab at TA over 
a period of 8 months. The figures indicate a 
frequent fluctuation in their linear sizes. 


(e) R value of claw buds at degrowth. Data 
from weekly measurements of limb buds on 18 
non-TA sized male crabs were grouped in Table 
5 according to their R values. The period ran 
from declawing to the subsequent ecdysis. In- 
stances of growths and degrowths occurring with- 
in similar R values were given in a separate 
column. The total number of degrowths were 
12 in 254 measurements, or about 1 in 21. All 
degrowth instances occurred within an R value 
range between 2 and 13, the slow growth period 
(p. 2 above). Similar recordiugs were given 
in Table 6 for 15 TA crabs. The Table shows 
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TABLE 4 


Record on size changes of the claw buds 
in a TA crab. CW=113 mm， 


Date Left claw Right claw 

10/31/66 propodus propodus ` 
length: 93.9 length: 57.4 

11/ 1 `. (declawed) (declawed) 
11/ 7 | budding no bud 
11/12 | budding no bud 
11/19 budding no bud 
11/29 budding no bud 
12/ 6 | budding l budding 
12/12 bud: 1.2 mm budding 
12/19 1.4 buddirg 
12/27 1.3 bud: 1.0mm 
1/ 3/67 1.6 | 1.0 
1/10 1.5 | 1.7 
1/17 1.9 | 1.1 
1/25 i 1.7 | 1:9: 
2/1 1.1 2.4 
2/ 3 | 1.2 2.6 
2/16 1.9 2.9 
2/23 2.3 2.8 
3/ 2 2.6 2.4 
3/9 2.7 2.5 
3/17 2.2 2.6 
3/25 1.9 2.7 
3/31 2.9 3.0 | 
4/10 2.5 2.8 
4/14 2.2 2.9 
4/24 2.9 3.3 
4/28 2.4 2.6 
5/12 1.9 2.5 
5/19 2.0 2.9 
5/26 2.0 3.4 
6/2 - 2.6 3.4 
6/10 2.0 3.0 
7/17 | (crab died) 


en 
Note that its size fluctuated without being able to 
grow straight into premolt stage, and that the 

` relative dimension of the. 2 buds changes as they 
grow. 


that there were 170 degrowth instances in 657 — 


measurements, or approximately 1 in 4. Through- 
out the observation periods, the R value fluctuat- 
ed in size, mostly under 13. In only 6 single 
instances the crabs had R values greater than 13; 
however, none of the crabs molted. On examin- 
ing the ratio degrowth/growth instances, the Table 


a TABLE 5 


Distribution of R values in the claw buds 
of 18 adult male crabs declawed before 
the terminal molt ; ns 


Frequency of - 
R value | occurrence of o of 
| growth egrow 
0 | 14 
1 十 2 | 
2 十 19 1 
3+ 22 2 
4+ | 19 
5 十 17 .3 
6 十 8 
7 十 13 2 
8+ Et > 85 
9+ 12 1 
10+ 16 
11+ 11 1 
12 十 | 11 1 
13+ 9 
14+ 4 
15+ 8 
16+ 8 
17+ 5 
18+ 2 
19+ 4 
20+ 9 
21+ 5 
22+ 4 
23+ 2° 
24+ 1 
25+ 1 
26+ | 0 
Total. | 242 2 


indicates that it was 9/165 and 16/63 at R values 


of O+ and 1+ respectively, which fell on the 


basal growth period (p. 2 above). The ratio 
then increased significantly at R values of 2+ to 
6+, being 43/104, 44/59, 52/72, 5/11. and 
1/0 respectively. These fell in the slow plateau 
growth period (above). As the limb buds at 
TA seldom grew above an R value of 6, there 
was not sufficient data on R values higher than 


.this. Nevertheless, the above results showed that 


degrowth occurred much more often at TA than 
during the earlier ecdyses. In both TA and the 
earlier ecdyses, it occurred largely at the slow- 


TABLE 6 
‘Distribution of R values of 15 crabs _ 
declawed ‘at terminal molt (TA) 


R value es a Occurrence of 
= ‘growth 
o+ 165 9 
os 63 16 
2+ 104 3 
3+ 59 -44 
4+ Jan | 52 
5+ 11 5 
6+ 0 | | 1 
T+ 0 
8+ 2 
.9 十 2 
10 十 1 
11+ 0 
12+ 2 
13+ 2 
14 十 0 
15 十 2 
16 十 1 
17 十 1 
Total 487 | 170 


growth period. Once the crab reached the pre- 
molt fast growing period (R value 13 ‘aiid above) 
‘to which buds of the TA crabs seldom could, any 
:degrowth would ‘be over-compensated by growth 
‘atid ‘thus ‘could ‘riot be shown (see Below). 

. (© Monthly distribution of “degrowth in TA 
crabs. In order to ‘study the ‘natute of degrowth 
‘related to seasonal chariges, the ratio: degrowth/ 
‘growth instances in 11 TA male crabs declawed 


and destalked at various times of the year, were . 


totalled in each month, although the number of 
TA crabs available for experiment were not the 
same in all the months. The results over 12 
months are répresented in the ‘Figure, which 
shows that the ratio increased to ‘a peak from 
“November to April, then. dropped back, antil July 
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Montlily distribution of degrowth/growth in 
TA‘crabs. The curve is constructed based 
on 证 8 total recordings of the measureménts 
of regenerated claw buds from 11 TA crabs 
in different months of the year. ‘Horizontal 
axis gives time in months starting from 
Jamlaty. Vertical axis givés the ratio: nuimbér 
of dégrowth/number of growth instances. 


and Augtist when no degrowth occurred. The 
curve bears strong correlation to the slow and 
fast growing seasons desctibed by Cheung? (see 
Table 2-and Fig. 2 of this reference). Degrowth 
was absent in summer, apparently the ‘6ptimal 
season for growth. In winter, the slow growth 
season, degrowth occurred most commonly. 

The ‘tesults in (e) “and “(f) suggest that both 
‘growth ahd dégréwth ‘eciiired at all ‘fimés, but 
degrowth Gould ‘Be detected by measurement only 
if its rate exceedéd that of growth. Thus, ana- 
logous to the continuous processes of anabolism 


.and catabolisin in ary livirig system, formation 


and destruction of ‘célls occurred at #H times in 


the regenerating bids. Since degrowth disappedred 
in the months of optimal growth, the restilts dgree 


‘with Cheuitig’s view? that both growth and spawn- 


-ing of this species, or both gonadal and somatic 


growth had the simë temperature optimum. | 
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CON CLUSION. 


Autotomy Of limbs or. a had. been. found 
to induce ecdysis in: Gecarcinus. lateralis», al- 
though the exact reasons are still unknown. With 


the- loss of a.considerable part of the body, it is: 


easy.to-imagine that the same amount: of; :cir- 
_ culating crustecdysone ‘produced: by the ‘Y-organs 
would become more concentrated, and’ therefore 


it would be easier to reach the. necessary titer- 


for effecting premolt. However,.a corresponding 
increase in concentration would be found in the 
circulating MIH, produced by the X-organs,. which 
is known to inhibit the activities of the Y-organs. 


It seems more likely that autotomy would. some-. 


how bring about a change.in the normal balance 
of: hormonal activities. between the ;X-and .Y- 
organs at the. intermolt stage, so. that precocious 
. molting is induced., .A substance- .like. “wound 


factor”. postulated “by ‘ Needham“ ‘(p.i299) would ° 


well contribute: to: this function. (but. see . Bliss, 


(p..576). Such a:substance might either. act. in - 


stimulating the Y-organs or inhibiting the -X- 
organs-or both. - Skinner and ‘Graham showed 
that injection of- arthropod ecdysones did not- ac- 
celerate molting of autotomized  Gecarcinus 
beyond the effect of autotomy, which:the authors 
had already found to accelerate molting. The 
present work on Menippe showed. that destalking 
could produce a greater molt-accelerating effect 
than that due to autotomy. (p. 4 above). It is 
more likely that the “wound factor” would act 
directly on the X-organs by inhibiting them ra- 
ther than by stimulating the Y-organs. Apparent- 
ly, the X-organs are the direct regulators of this 
morphogentic process, having to receive all the 
stimuli (probably both internal and external) be- 
fore finally effecting their control by regulating 
the amount of MIH released. 

Since degrowth occurred largely in (a) the 
slow growth seasons, (b) slow. growth period 
during bud regeneration as well as (c) the non- 
growing TA stage of the crab, it may be used 
as an indication of the inactivity of the Y-organs. 
Thus, the activity of the Y-organs, apart from 
being regulated by the X-organs, is here shown 


to depend.on seasons as well as the .age of. the 
crab. Before reaching TA, the-.adult -Y-organs 
occasionally: showed signs of slow activity by the 
occurrence of degrowth, At early TA, the Y- | 
organs. were still active enough to effect molting 
if the eyestalk inhibition was removed. At. late 
TA, when remoyal. of the. same. inhibition. was. 
practically ineffective, the function of the- Y- 
organs must have further decreased due. to.aging. 
No: attempt -had been. made:on the -Menippe to 
determine- whether: there could be an overactivity 
of the X-organs at any time during TA as 
Carlisle“? stated for Carcinus, but. the . gradual 
decrease in function of the Y-organs alone during 
the course of aging. appeared sufficient to account 
for the present results. . 

Finally, this work indicated that:claws, cannot . 
be profitably: harvested: more than .once.. Claws 
of younger crabs below the marketable size-(CW 
60mm) have no value. The effect -of aging: be- 
come more pronounced as the animal’ grows. 
This was shown by. an increase in the occurrence 
of degrowth and the abnormally small regenerat- 
ed claws. At TA, the most. valuable size, claw 
regeneration , has been. found. impossible (p. 5). 
However, the practice. of induced. molting to 
effect. limb. regeneration may. ‘still deserve investi- 
gation, particularly im. macrurans,. which- are 


known to have no TA.: But as- the -Y+organs 


cannot apparently-remain functional for. all ages, 
such a practice must have a limitation. 
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CLAW REGENERATION OF AGED STONE CLAB il 


- ZEER (Menippe mercenar LW 
| ”再 生 熏 未 蛤 的 关 傈 
He te B 


SANSA XAARRRR RRRARTREE ， 而 蟹 则 放 向 海中 BRM 
> BS > SAEF o | 

本 研究 之 动机 ， 力 欲 雄 定 恋 见 解 之 正 误 ， 从 而 探讨 此 法 之 径 济 价值 ， 及 蟹 获 再 生 之 基本 生理 商 题 ， 
ARES 。 | 

去 整合 释放 之 石 仍 能 再 生息 玖 之 见解 ， 殊 非 正 确 ， 逆 无 实施 之 破 济 价值 。 芋 再 生 之 营 未 及 长 成 ， 而 
MROEAR MURR SRERER ACR > RARE > HRS RTT 。 

实验 显示 : ORRE: WARREN ANS REARS s WARRE ， 则 此 
效 略 大 WRRRE MEAZA 0 FEAR EAE TRE o COPE RAE CA 112mm ME) : 
REMERON AERARRE> ， 仍 可 导致 晚 裔 一 次 ; MR RMBMTS 
» 则 此 法 失效 。 

AARABESH ， 其 生长 可 分 三 段 过 程 ; ORKER REBRE (REER PAAK 
) ， 蝇 生长 运 洁 期 ，R 值 由 二 至 十 三 ， 白 明 故 前 之 快速 生长 期 RATS Mi BER 
R 值 甘 四 。 

AREZLE > RESEBECHE > ARRERA” HBERE> WAHR: ARLE 
其 机 会 增 至 四 份 之 一 。 双 菠 体 次 缩 之 现象 ， 多 发 生 在 : OLRM: O KR: O LEHEZAS 
o (FSO AERERCHAR > PRELIM PY 」 RRA DTK © 


